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Microchemistry has only recently demanded our atten-
tion, It was in quantitative analysis that micro methods first
made an appearance. The work of this branch has been well
established. Qualitative analysis next felt the influence of
micro methods. liThile considerable v/ork has been done in this
field, there are still many opportunities for improvements in
both the technique and the plan of analysis. The work in
|
I
qualitative analysis is not yet on a level with that in quanti-|
t
tative analysis. At the present time we find that efforts are
being made to make practical the application of micro methods
'
in organic chemistry.
The object of this thesis is to set forth experi-
mental work which I have done in qualitative microanalysis. A :
scheme of analysis has already been devised by Carl Engelder,
I have taken Engelder' s rough notes as a basis for procedure
and tried to work out, and either verify or improve^ the method
;
of analysis, I have indicated the more important changes or
additions made in Engelder' s scheme, by underlining and by '
parenthetical explanation. In general, the same tests were
used which v;ere suggested by Engelder; except that several
i
confirmatory tests v/ere omitted. These omissions were made i
either because the test was not good (and where there was
already one good test, it only caused confusion), or because -
the reagents needed for these tests were not available. The
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substance used (solution or powder) and the apparatus and gene
ral technio^ue. Engelder only mentions the apparatus as it is
used, and fails to give any description of it, to suggest how
it can he made, or to explain how it is to be used. In this
thesis I have included a section on apparatus and technique
T/hich precedes the formal scheme of analysis, and which v/as
entirely omitted by Engelder.
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3Introduction
Microanalysis is primarily a technique. For quali-
tative analysis the scheme is the same, in general, as that
followed in the ordinary course using macro methods. The dif-
ference lies in the amount of substance used. This in turn
necessitates different apparatus and technique, and in a few
cases a different test for an element or radical. Microanaly-
sis can be done successfully, as in this plan, without a mic-
roscope. However a microscope may be used profitably for the
study of crystal structure as a means of identifying certain
compounds. A spectroscope may also be used to advantage for
the detection of elements in very small amounts.
There are many differences between macro and micro
methods. Perhaps some idea of the nature of microanalysis may
be gained by noting these differences. In macro work the
solutions are made up so as to contain 10 mg. per cc. of any
one cation or anion. Microanalysis employs solutions containing
only 1 mg. per cc. of a particular cation or anion. There is
a change in quantity as well as concentration. In micro v/ork
the analysis is begun with only 2 or 3 cc. of the solution, and
the tests for individual members are carried out on 1 or 2
drops only. A very marked change in technique is found in the
use of the centrifuge for the separation of precipitate and
solution, replacing the old method of filtration. As a result
of this, centrifuge tubes replace the ordinary test tubes.
Because reagents are used by the drop rather than by the cubic
f
i-
centimeter, the pipette plays an important role as a piece of
apparatus. There must he in fact many pipettes. The tests
for the individual cation or anion are generally made on a
spot plate or a glass slide. Other ploces of apparatus v/hich
may he very useful, although not absolutely necessary, are the
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5Apparatus and Technique
The CentrlfUtCse* The centrifuge is used for separa-
ting the precipitate from the liquid. The precipitate is sent
to the hottom of the tube by centrifugal force and a clear
supernatant liquid is left above the precipitate. The centri-
fuge used for these experiments was a small hand centrifuge
with four compartments. It can easily be clamped onto a small
table. By working at the rate of 50 turns of the handle per
minute, 1200 revolutions per minute were obtained. This is
suitable for ordinary work. The outer cases, fitting into the
four compartments, v/ere of aluminum. Into these cases are
fitted 15 cc. centrifuge tubes. The tips of the aluminimi
cases are lined with cork to prevent the breakage of the tips
of the glass tubes. Since our work v/as done v/ith only 2 or 3
cc. of solution at the most, it was necessary to place small
3 cc. centrifuge tubes within the larger 15 cc. tube. A piece
of cotton batten was placed in the tip of the 15 cc. glass tuba
Around the top of the 3 cc. tube beneath the flange there was
also wound a piece of cotton batten. Since the 3 cc. tube was
so much shorter than the 15 cc. one a. piece of copper wire was
wound Just beneath the flange and a loop left so tha-t the small
tube could easily be pulled out of the larger one. V/hen the
3 cc. tube is fitted into the 15 cc. tube the cotton batten,
before mentioned, should prevent any vibration of glass against
glass v/hich might cause breakage. (See figujpg l) Every time
before centrifuging care must be taken that the centrifuge is
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balanced; that is there must be a compensating v/eight in the
compartment opposite the one containing the solution. This is
obtained by placing v/ater in the 15 cc. tube in the opposite
case. It is v/ell to keep a small beaker of v/ater neat the
centrifuge so that the v/ater may be added to, or taken out of
this tube in order to balance the centrifuge. Care should be
taken that there is nothing near the centrifuge which might be
struck v;hen the machine is in motion. The length of time one
must run the centrifuge for complete separation will depend on
the nature of the precipitate, the coarser, heavier precipi-
tates separating most rapidly. One minute (at 50 turns a
minute) is usually sufficient for group precipitation; and for
separations within the group one-half minute is often all that
is needed. The centrifuge should not be stopped suddenly, but
allowed to slow down of its own accord.
The Centrifuge Tubes. The centrifuge tubes v/ere
made from 10 mm. glass tubing of 10 cm. (8 in.) lengths. This
j
was heated over a wing top burner and dr8.\7n out. The portion
heated should be about 3 cm. in length, so that the tubing
willprobably have to be held somewhat diagonally across the
|
flame. The tubing after being drawn out should be cut where
|
the diameter is about 3 to 4 mm., and then sealed. The other
end of the tubing can then be cut so that the final length of
j,
the tube is about 8 cm. Finally the flange is made at the 'j
top of the tube. (See figure 2) Yfiien heating these tubes ij
care must be taken not to get the tips too hot as they easily
j
3;iJ' hi T. y?:
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7crack off. A sma.ll test tube holder for these small tubes
can be made by slightly bending the ends of a pair of straight
forceps.
The Pipettes. The pipettes are likewise made by
drawing out glass tubing, but of 6 mm. diameter, and about 10
in. lengths. Again it is well to hold the tube diagonally over
the flame so as to heat a short length only. The tubing is
drawn out to 1 mm. diameter. The more rapidly the tube tapers
the better, for a long slowly tapering end is more easily
broken. The final length of pipettes should be from 4 to 5
inches. A piece of rubber tubing about 3 cm. in length is
fitted onto the end of the tube. (See figure 3) By placing
the index finger over the end of the rubber and using the thumb
and second finger to pinch the rubber, the pipette can easily bq
filled, and the solution let out drop by drop. The pipette
has mejiy uses and each student should have a good supply of
them. Solutionsare placed in the centrifuge tube by means of
a pipette, and all the reagents are added drop by drop from
the pipette. Vi/lien H2S is to be passed into the solution, a
pipette is attached to the generator in order to conduct the
gas into the solution. After centrifuging, the supernatant
liquid is removed by means of a pipette. Hov;ever, v/hen there
are 2 or 3 cc. of liquid, it may be decanted and only the last
fev/ drops removed v/ith the pipette. The residue is so solidly
lodged in the point of the tube that it is not disturbed by
decanting. After adding water or other liquid for washing the

residue^ the tip of the pipette should be inserted into the
tube dov/n to the residue. Then if air is gently bubbled
through the liquid by pressing the rubber tubing, the residue
is disturbed and thereby thoroughly v/ashed. It is generally
recommended to stir vilth a platinum wire or glass rod, but
neither of these seemed effective. The wire was not stiff
enough and the rod v/as clumsy. The solution finally obtained
for testing is dropped by means of a pipette onto a glass
slide or a spot plate and a drop of reagent added# A pipette
used for one solution should not touch a drop of another. The
drop of reagent should leave the pipette just above the other
drop.
The Spot Plate. As has been mentioned the spot plate
finds its greatest use as a receptacle for individual tests.
A drop of solution to be tested being placed in a cavity and
a drop of reagent added. The spot plate is also useful as a
receptacle in v/hich to dilute reagents, to mix two or more
solutions, or to make pastes.
A drop of solution can also be placed on a glass
slide for testing. This has the advantage of being able to be
placed over white filter paper or black glazed paper and thus
providing backgrounds which show the color of solution or
precipitate to the best advantage. In case crystal structure
is to be observed glass slides are used for the tests and the
crystals which form on the slide can then be easily seen
through the microscope.
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A square of black, opaque glass is also good for some
tests, especially those in which a white precipitate is formed.
The Micro Burner. Small micro burners can be bought
especially for this work. (See figure 4) The flame that they
give is quite hot and care must be used when heating tubes.
If a mouth blow pipe is attached by rubber tubing to the gas
pipe a small flame can be produced which serves as a good
substitute for the micro burner. The blow pipe should be
clamped to a stand. It is even possible to use a good Bunsen
burner, turned very low, as a source of heat.
A Test-Tube Rack . The ordinary test tube rack is too
large for the small tubes used in micro work. One form of
rack may be made by boring holes in a small paste board box
which is fairly strong. The holes should be of different
sizes to fit the different tubes.
G-as Evolution Tubes for imion Analysis. In several
of the tests for anions, a gas is evolved which has to be
tested. In each case only one or two drops of solution are
used so that the volume of the gas evolved is very small.
Therefore the volume of air v^hich this gas has to displace be-
‘ >
.
fore reaching the top of the tube must of necessity be small
also. The 3 cc. centrifuge tube proved to be too large. Small
tubes were made by dra7/ing out 6 mm. glass tubing until it was
only 3 to 4 mm. in diameter. The tubing was vut into 3 or 4
cm. lengths, sealed at one end, and a flange made at the other
end. (See figure 5^

Crucibles and Casseroles. Very small crucibles and
casseroles can now be obtained for microanalysis. This appa-
ratus is not absolutely necessary but is very useful for boil-
ing or evaporating some solutions. The crucibles are of 1 cc.
capacity and the casseroles of 3 cc. capacity.
Reagent Bottles. The reagent bottles should be of
about 150 cc. capacity and provided with a stopper carrying
a pipette. As before a piece of rubber tubing is placed on
the end of the pipette, but for reagent bottles this is plugged
with a short length of glass rodding. In this way reagents
should remain clean, and no impurities should be introduced.
Students must be warned not to touch this pipette to any other
solutions. If the reagent is to be used several times within
a short time, or if it is to be diluted or mixed with another
reagent it is best to take several drops and deposit in in a
cavity of the spot plate, to be used as needed.
Absolutely clean apparatus must be used. This might
be said for all v/ork in chemistry. But for microanalysis it
is of especial importance because such small quantities are
used, that a very slight impurity may cause considerable error.
A funnel brush is good for cleaning centrifuge tubes. About
2 inches of the brush can be cut off the end so that the
thicker upper part is used. A stream of water run through
pipettes \7ill generally clean them. Cleaning solution, how-
ever, v/ill often have to be used for all apparatus.
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G-roup I-Pb, Ag, Hg .
Put 3 cc. of the solution containing Group I (alone
or v;ith other groups) into a centrifuge tube. Test the solu-
tion with red litmus to see if it is basic. If basic, bring to
neutrality by adding cone. HCl drop by drop from a pipette.
Then add a drop more of cone. HCl which will cause the members
of Group I to be precipitated as chlorides. Centrifuge. Test
for complete precipitation by adding another drop of cone. HCl.
If more precipitate is formed centrifuge again. After complete
precipitation decant the supernatant liquid and pipette off the
last few drops. This liquid is saved if other groups are to be
tested for; otherwise it is discarded. Any material to be
saved for later should be placed in a tube, stoppered and plain-
ly labelled.
Lead: To the residue of chlorides add 2 drops of
water, stir and centrifuge. If lead is present, some will be
dissolved by the v/ater. Place a drop of the liquid on a glass
slide, add to this a drop of potassium chromate (K2CrO^) . The
formation of a yellow, precipitate (PbCrO^^^) is a test for lead.
Discard any supernatant liquid remaining in the tube. Then add
2 drops of water, stir and warm gently. Centrifuge, and test
the liquid with potassium chromate as before. A yellow preci-
pitate confirms the presence of lead. (However if lead is
present in very small amounts 1?he cold water may dissolve out
most of the PbCl2 that this second test with hot water is
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not as good as the first.) Discard the rest of the superna-
tant liquid, and then wash the residue with 3-4 drop portions
of hot water until no test for lead is obtained with the potas-
sium chromate. (A test using ^2^2 ^ I'TH^OH and tetramethyl-di-
amino-diphenyl-methane was omitted.)
Silver; After the lead has been removed add 3 drops
of dilute ITH4OH to the residue. A blackening of the residue
at this point indicates mercury. Y/arm the solution and centri-
fuge. Place a drop of the supernatant liquid on a glass slide
and add a drop of cone. HNO^. (Test for acidity is omitted as
unnecessary.) The formation of a white precipitate (AgCl) is
a test for silver. Discard the rest of the supernatant liquid.
(Engelder used 1-2 drops of cone. for dissolving the AgClj.
However when this v;as us^d, a white precipitate formed in the
drop of supernatant liquid, placed on a glass slide, before
any HNO^ was added. This v^as due presumably to the rapid eva-
poration of cone. NH4OH. Therefore dilute NH4OH is better.)
i
(A test v:ith KCN, rhodamine, and HNO^ is omitted.)
Mercury: To the black residue which remains after
the extraction of silver chloride, add 1 drop of c one. HNO
^
,
and 3 drops of cone. HCl—aqua regia. (This is used throughout!
the analysis in place of a crystal of KCIO^ and a drop of cone.
HCl.) Heat gently until all the chlorine is driven off. It
Y/as found that the best results are obtained by heating this '
solution in a small micro crucible if these are available. In
this way the chlorine escapes more easily and rapidly. If the
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s 0 lution Koes almost to dryne add 2 or 3 drops o f water to
make up the volume
If the cruciblBS are not available it helps If a
liquid, and the rubber at the end of
''•O'' w
it compressed so that
some air is driven out of the tube. This can be repe.ated
several times.
The chloride will have been all evolved v/hen the
solution is no longer yellow or v/hen moist potassium iodide
starch paper does not turn blue when held in the fumes. V/hen
the chlorine is removed, place a drop of the solution on a
slide and add 1 or 2 drops of stannous chloride (SnCl2 )* The
formation of a grey precipitate turning black (HgCl--Hg) shov/s
that mercury is present.
A confirmatory test for mercury is obtained by adding
to a drop of solution a little powdered Ka2C0^ and a drop of
diphenylcarbazide solution. A violet to blue color is a test
for mercury. (This differs from Engelder's test in that he
uses 0.2 N HNO^ v/ith the diphenylcarbazide and carries out the
test on spot paper. The solution of diphenylcarbazide here
used is not the same as that used by Engelder— see list of
reagents. )
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Pb, Bi, Cu, Gd, As, Sb, Sr.
The solution may be the liquid saved after the re-
moval of G-roup I, or a solution of G-roup II alone* In either
case maiie neutral by adding cone. rlH^^OH drop by drop and
testing v/ith litmus paper. Then add 1 drop of cone* HGl *
(Omitted test for acidity v/ith methyl orange.) Warm the solu^
tion and pass in H2S for j minute. (Engelder says one minute
but this always gives an excess of H2S.) Members of G-roup II
are precipitated as sulfides. Gentrifuge the solution and
again pass in H2S for a few seconds to test for complete pre-
cipitation. After complete precipitation, centrifuge. If the
supernatant liquid remains turbid add 1 drop of a saturated
NH^NO^ solution and again centrifuge . (Not mentioned by Engel-
der.) If G-roup II only is to analyzed for, discard the super-
natant liquid. If G-roups III, IV, and V are to be analyzed
remove the supernatant liquid to a micro casserole and boil to
remove the H2S. This will be all removed v/hen there is no
longer any odor of K2S, or v/hen moist lead acetate paper does
not turn black when held in the fumes. If there is no micro
casserole the solution can be boiled in the centrifuge tube
and the H^S can be blown out using the pipette. as in the case
when GIq was blown out of the tube containing the mercury
solution (Page/-^). In either case save the solution in a
stoppered, labelled tube.
Add to the residue of Group II sulfides 3 drops of
water and 2 drops o f NH;,NO^ heat gently, centrifuge, and add
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the supernatant liquid to the liquid removed before. Repeat
this washing with water and discarding the v/ashings,
until the v/ashing is only slightly acid.
To the residue of washed sulfides add 5 drops of
saturated Na2S solution (rather than 5-10 drops). Stir and
v/arm for one minute. Centrifuge and remove the supernatant
liquid to another tube. Repeat using 2 drops of Ka^S and ^
drops of water. Centrifuge a.nd add the liquid to that removed
before. Repea^t this treatment with Na2S and v/ater, but dis-
carding the liquid until the supernatant liquid when tested
with dilute HCl gives no colored precipitate. A white preci-
pitate is due to sulfur. The Na2S dissolves the Kg, As, Sb
and Sn sulfides forming Division B. The residue consists of
Hg, Pb, Bi, Cu and Cd sulfides, Division A.
Division A. The residue is v/ashed with warm wc.ter anc
NKij^NO^ solution, centrifuging and discarding the supernatant
liquid until the v/ashing is slightly basic. One cc. portions
I
of water can be used for washing since the residue is strongly
jj
basic. After washing add 5 drops of dilute KNO
^
and 2 drops of
!
Y/ater to the residue, boil and centrifuge. Remove the super-
j
natant liquid to another tube. Repeat this treatment with HNO^
ij
and v/ater and add to the liquid removed before. The sulfides I
of Pb, Bi, Cu, and Cd are dissolved. If Hg is present it re-
mains as a residue.
Liercury: If a residue remains after the nitric acid li
i!
treatment, add to it 1 drop of cone. HNO^ and 5 drops of cone .
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HC1 « Boil until all Gig is remove^. Test a (irop of the solu-
tion with SnCl2— a tireclpitate is a test for mercury*
A confirmatory test may he made using Na^GQ^ and diphenylcarba-
zide. A blue to violet color is a test for mercury. These
tests for mercury are the same as those used in G-roup I# For
more fully explained directions see page 13 •
Lead
:
To the solution which may contain Pb, Bi, Cu
and Cd, add 3 drops of cone. H2S0^. If a v/hite prec ipitate
(PbSOh) forms at once, centrifuge and remove the supernatant
liquid to another tube. If no precipitate forms, boil the
liquid until white fumes of SO^ are evolved. This should be
done in a crucible. Then draw up the liquid into a pipette
and drop it into a centrifuge tube containing 3 drops of v/ater.
(According to Engelder the precipitate forms only after SO^ is
boiled off and the solution added to water. But every time that
I did the experiment I obtained a white precipit<^te immediately
upon addition of the H2S02j^.) A v/hite precipitate is PbSOij..
Centrifuge and remove the supernatant liquid to another tube,
’./ash the white precipitate with 3 drops of water, centrifuge
and add this liquid to that removed before. Dissolve the
residue of PbSO/|^ b3'' adding 2 drops of ammonium acetate
I'JH2j.(C2H^02) and heating. Then add 2 drops of K^CrO^ to the




To the liquid v/hich may contain Bi, Cu and





until precipitation of Bi(OH)^ is complete.) This should com-
pletely precipitate the bismuth as Bi(OK)^ and there should be
an excess of NH2J.OH so that any Cu( 0K )2 or Cd( 0K )2 f opined v/ill
be redissolved. (The hydroxides of Cu and Gd are soluble in
excess NK2J.OH.) If the solution is blue, it is a good indicatior,
of copper. Centrifuge and remove the supernatant liquid to
another tube. Y/ash the residue v/ith 2 drops of water and 2
drops of dilute i'iH40H. Centrifuge and add the supernatant
liquid to that removed before. Place 2 drops of SnCl 2 in a
cavity of the spot plate. Add NaOH to this until the precipi-
tate \7hich first forms is redissolved. Now add 2 drops of wate ij




and stir . Take a drop of this mix-
t^ure of precipitate and water and place it in the solution of
Na2Sn02 on the spot plate. A black precipitate (metallic bis-
muth) 'is a test for bismuth. (jEngelder does not add water to
the residue of Bi(OH)^ but places a very small piece of filter
paper on the end of a platinum wire, dips it into the Bi(OH)^
and then into the Na2Sn02. I could not obtain a good test in
this manner.) (Two confirmatory tests are omitted. One used
KI and CsCl. The other used I 2 cinchonine reagent.)
Copper; Place a drop of the solution which may con-
tain Cu and Cd on the spot plate. As stated before if the
solution is blue this is an indication of copper. Add dilute
KCl until acid, then add a dfop of potassium ferrocyanide,
K4Fe(CN)g. A reddish brown precipitate is a test for copper.
(Tv/o confirmatory tests were omitted.)
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Cadmium: If copper has been sho\m to he present add
KCN (Poison) drop hy drop to the remainder of the solution
until the blue color disappears. Then pass in H2S. A yellov/
precipitate (CdS) shov/s the presence of cadmium. In the ab-
sence of copper make the solution just acid v^ith dilute HpSO^
and then pass in HgS
.
(Engelder does not add H2SO2J. but I ob-
tained no precipitate without it.) A yellov/ precipitate is a
test for cadmium. In either case if a dark precipitate is ob-
tained, add a few drops of 1-4 H2SO21. (mix 1 drop of H2SO4 with
4 drops of water on a spot plate). iVarm and centrifuge. Re-
move the supernatant liquid and neutralize with Then
add 1 drop of dilute KoSO;^ and pass in H2S. If cadmium is
present a yellow precipitate v/ill form.
Division B. To the solution extracted by the l'ya2S
treatment add dilute HCl drop by drop until just acid. Preci-
pitation should begin when solution is just acidj, but As
,
Sb
and Sn do not precipitate at once. Orange Sb2£5 ^omes down
first, then yellow ASgb^^ and finally SnS. Therefore several
drop s more of KCl v/ill probably have to be added for complete
precipitation, even after so lut i
o
n has been made just acid;
however too much HCl should not be 8.dded as this causes preci -
pitation of free sulfur—this till be seen as a white preci -
pitate
.
(Engelder says to make just acid.) Centrifuge. The
supernatant liquid may be turbid due to free sulfur. Discard
this liquid. ’iTash the residue of sulfides twice with v/ater
discarding the supernatant liquid
.
(This was not done in
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Engelder’s scheme.) Add. 3 drops of cone. HCl to the residue,
hoil, add 2 drops of water. Centrifuse and remove the super-
natant liquid. '-I-’his may be Sb and Sn. The residue may be
As 2S^ and possibly a trace of HgS. Wash the residue with water
until only faintly acid. The first v/ashing is added to the
solutions Sb and Sn previously removed. Other washings are
discarded.
Arsenic; Add 4 drops of dilute to the residue
and heat. Centrifuge and remove the liquid. Repeat this
extraction with 2 drops of dilute NE2j.CK. Add the liquid re-
moved before. Repeat this extraction discarding the liquid
until a drop of the liquid v/hen tested with dilute
does not give a yellow precipitate. If a black residue re-
m.ains treat v;ith aqua regia and test for mercury as in Group I,
page 12. To the combined extracts of As, add dilute HCl until
acid. Centrifuge. A yellow precipitate which is insoluble in
cone. HCl is a good indication of arsenic. (Tried to obtain
MgNH^^AsO^ as a test, but could not get it. Also tried the
test with AgNO^ to get a chocolate brov/n precipitate, but did
not get this test either.)
The tests for £ib and Sn are made v/ithout separation
of the Sb-Sn liquid.
Antimony
;
Place a drop of solution on a spot plate.
Pass H2S into the drop. A bright orange precipitate is an
indication of antimony. If the test is negative add a drop of
water and again pass in HgS. Place another drop of solution

on the spot piate» In this place a very small piece of tin •
A blackening; of the tin confirms the presence of antimony • (Not
used “by Engelder.’-)
Tin: Place a drop of Sb-Sn solution on a spot plate*
Add a drop of I^;
^
MoOj| solution. A dark blue precipitate is a
test for tin. (Not used by Engelder.) To the rest of the solu-
t ion add some iron pov/der or a small iron nail. Boil 2-3 min-
utes. This reduces tin to stannous form. Centrifuge and place
a drop of the supernatant liquid on a glass slide. Add a drop
of HgCl2 « A white or grey precipitate is a test for tin. (Not
used by Engelder. Engelder uses a test for Sn with rhodamine
B solution, and another with cacothelone solution. He also
gives a test in which the bottom of a crucible is immersed in
the solution to which has been added some granulated zinc. The
crucible is held in a flame and a blue color should be seen.
Due to the blue color of the flame used, or because the test
did not v/ork, no test was obtained. CsCl is also used to test
for both Sn and Sb by Engelder.)
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Group III- Pe, Lin, Al, Gr, Ki, Co, Zn.
To a solution of Group II alone or to the liquid
saved after removal of Group II, add a drop of NH^^Cl, then make
alkaline v/ith cone. NH^OH (excess), stir and centrifuge. Fe,
lln, Al, and Or are precipitated as hydroxides. Remove the
supernatant liquid which may contain Ni, Co, Zn of Group III,
as well as Groups IV and V. Save this liquid in a stoppered,
lahellca tube for further analysis. V/ash the residue twice
with 2 drops of cone. NH^OH and 2 drops of water. Centrifuge
and add these v/ashings to the supernatant liquid previously
removed.
To the residue add 3 drops of water, 3 drops of NaOH
and carefully a little pov/dered Ila202* V/hen effervescence
has ceased, centrifuge and transfer the supernatant liquid to
another tube. The residue may be Pe and Mn. The liquid may
be Cr and Al (yellow if Cr is present).
>7ash the residue until only faintly basic (use 10
drops or more of water per washing). Discard all the washings.
Then add 3 drops of dilute and 2 drops of K2O2 (3^) to
the residue, and stir. If not completely soluble, add more
^2^2 *
Iron: Place a drop of the solution on a spot plate;
add a drop of dilute HCl and a drop of potassium ferrocyanide
K4Fe(CN)g. A precipitate of Prussian blue shov/s that iron is
present. To another drop of the solution on a spot plate add
a drop of sulfosalicylic acid, 10;^ solution. A red-blue color
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Man.s;anese; To another drop of the solution on a spot
plate add a drop of cone. and a little powdered sodium
hismuthate (Na BiO^). A purple color due to the LlnO^^ ion
identifies manganese. (Omitted a test using benzidine.)
Chromium; Place a drop of the solution containing
Cr and A1 (from the separation of Fe and Mn) on a spot plate.
To this add a drop of saturated Pb(C^yg)g solution. A yellow
precipitate proves the presence of chromium. (Engelder uses
powdered Pb(C2H302)2* But when you begin with a powder it is
hard to see a precipitate form. Therefore a saturated solution
is better.
Aluminum; To the remainder of the Cr-Al solution add
dilute HNO3 until acid. Add a little pov/dered NK2j.(C2H^02)
,
5 drops of aluminon and then carefully make just basic vath
I'TH^OH. The formation of a "red lake" (red precipitate) proves
the presence of aluminum.
Into the solution which contains the rest of G-roup III
(Ni, Co and Zn) and may contain Groups IV and V, pass in KgS,
centrifuge and test for complete precipitation. After complete
precipitation, centrifuge and remove the supernatant liquid
(which may contain Groups IV and V) to another tube. Iitiake this
I
solution acid with HC2H3O2 and then boil (in a micro casserole, '
if available) to expel the HgS. If any precipitate is formed,
*
centrifuge, remove the liquid and save for later analysis. Dis-|
jgard the residue. If Group II alone is being analyzed for,
discard the liquid immediately after passing in the H2S and
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centrifuging. (Tried the borax bead test for cobalt, but
could not obtain good results.)
The precipitate obtained by passing in H2S may be
the sulfides of Ni, Co and Zn. Add 5 drops of 1-9 HCl (made
by mixing 1 drop of cone. HCl and 9 drops of water in a spot
plate) to the residue. Stir, v/arm and centrifuge. The resi-
due is Ni and Co. Remove the supernatant liquid which is ZnCl2
to another tube.
Zinc: Place a drop of solution on a spot plate, add
1 drop of Vfo CuSO^j^ and 1 drop of NH2J.CNS .HgCl2 solution. A blue-
black color indicates zinc. Neutralize the rest of the solu-
tion v/ith dilute I\H40H and pass in H2S. A Y/hite precipitate
is proof of zinc. If the precipite-te is dark in color, make
strongly basic v/ith cone. NH^^OH, centrifuge, and remove the
supernatant liquid to another tube. Discard any residue.
Neutralize the liquid v/ith cone. HCl, then make basic with
NH4OH and again pass in If zinc is present a white pre-
cipitate forms.
%
Nickel; To the residue which may be Ni and Co. add
1 drop of cone. HNO_ and 3 drops of cone. HCl and boil until
all the chlorine is expelled, --testing with moist KI starch
paper. (As before used aqua regia in place of KCIO^ and HCl.)
Place a drop of the clear solution on a spot plate and add a
drop of cone. NTI^OH, and a drop of dimethyl glyoxime. The for-
mation of a red precipitate proves the presence of Ni.
Cobalt: Place another dron of the Ni-Co solution on
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a spot plate. Neutralize v/ith NH4OH and then make aaid with
|
HC2H^02« Add a drop of alpha nitroso--beta naphthol solution.
A red precipitate shov/s the presence of cobalt. Place another
drop of solution on the spot plate and add 2-3 drops of H2O2,
and then add a little powdered NaHCO^. (Engelder calls for a
crystal of KHCO^. This was not in stock so used the NaHCO^.)
}
A green color shows the presence of T?obalt. Place another drop
|
of solution on the spot plate, add 2-3 drops of alcohol and a
crystal of ammonium thiocyanate (NH^SCN). A blue color identi-
fies cobalt.
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G-roup IV- Ga, Sr, Ba.
To a solution of Group IV alone, or to the liquid
obtained after separation of Group II, add a little solid NH4C1)>
Hake slightly basic with cone. and then add a solution
of (NH2j^) 2CO^ drop by drop until precipitation is complete.
Members of Group IV are precipitated as carbonates. Centri-
fuge and remove the supernatant liquid to another tube if Group
Y is to be analyzed for. Otherwise discard the liquid.
Dissolve the residue of carbonates by adding 1 or 2
drops of dilute HCl. Warm, and add 3 drops of water and then
add dilute H2SO4 drop by drop until Sr and Ba are completely
precipitated as sulfates. Centrifuge and add another drop of
dilute H2SO4 to test for complete precipitation. Again centri-
fuge.
Calcium: Place 2 drops of the supernatant liquid on
a glass slide, add a little solid M^j^Cl until saturated, and
then add a drop of cone. K^PeCClx^g. A white precipitate indi-
cates calcium. Remove the rest of the supernatant liquid to
another tube. Dip a platinum wire into the solution, then
hold in a flame. A yellov^-red colored flame is an indication
of calcium. To the liquid containing calcium, add cone. NK4OH
until neutral, then acidify v/ith 2 drops of HC2H^02. Add
(NH4)2Gr04 until precipitation is complete. A white precipi-
tate is CaC204. Centrifuge and discard the supernatant liquid.
Apply the flame test to the precipitate. A yellov^-red flame
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Barium and Strontium; Dip a platinum v/ire into cone.
HCl, heat in the oxidising flame and then dip the wire into the
precipitate of Ba and Sr carbonates. Heat the wire from the
middle towards the tip in the Seducing zone of the flame. If
any calcium was present, a yellow-red flash will a.ppear first.
The deep red flame of strontium appears immediately afterwards,
and finally a pale green flame indicates barium. These appear
in the order named due to different degrees of volatility.
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Ammonium Ion: This test is performed on the original
sample. Place 2 drops of the solution in a 1 cc. tube. Add 2
drops of NaOH solution. Place a strip of moist neutral or red
litmus paper over the mouth of the tube. Heat gently. A blue
coloring of the litmus paper indicates the ammonium ion.
The following tests are carried out on the liquid
saved from G-roup IV.
Magnesium: Place 2 drops of the solution in a micro
crucible (or casserole), add 2 drops of NaOH and boll. This
removes any ammonium ion v/hich interferes ?/lth the test. Make
up any decrease in volume with 7/ater. Place a drop of this
solution on a spot plate. Add a drop of alkaline p-nitro-
benzene-azoresorcinol . A blue precipitate shows the presence
of magnesium. (Engelder does not take precaution to remove
the NH^^, ion, and since NH^Cl has been previously added, this
alv/ays interferes with the test unless removed.)
Potassium; Place 3-“^ drops of the liquid from Group
IV in a micro crucible (or casserole). Acidify with dilute
HNO^. Evaporate to dryness, and continue heating until fumes
are no longer evolved. Let cool, and add 2 drops of water.
Vfarm solution. Place a drop of the solution on a glass slide;
add a drop of saturated Na^Co (N02)^ solution. A yellow pre-
cipitate proves the presence of potassium, ('a saturated solu-
tion of Na3Co(N02)5 is used in place of the powder which
Engelder calls for. It is very hard to see a yellow precipi-
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tate form when you begin with a yellow powder
.y* (The flame
test for potassium was omitted*)
Sodium: Dip a platinum v;ire into the supernatant
liquid from Group IV. Hold it in the Bunsenflame. A persisten
yellow flame indicates sodium.

The Anion Analysis
The application of micro methods to anion analysis
did not prove to be as satisfactory as in cation analysis.
Hov/ever it must be remembered that even in macroanalysis the
scheme for the detection of anions is inferior to that for the
detection of cations. The technique for the handling of micro
quantities does not seem to be at fault. But the low concen-
tration of the anion radicals seems to cause difficulty. Solu-
tions containing not more than 1 mg. of any one anion per cc.
were used.
The anions arrange themselves into four groups:
I. Those which evolve a gas upon the addition of dilute HCl.
II. Those which give a precipitate upon the addition of mix-
ture of BaCl2 and CaCl2«
III. Those which give a precipitate with AgNO^ v;hen added to
the solution acidified v/ith nitric acid.
IV. Those anions, only two, not effected by the above reagents
Only the more common anions and those easily detected
are included in this scheme of anion analysis.
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G-roup I- Nitrites, sulfides, sulfites, carbonates.
Test a drop of the solution '.vith a drop of dilute
j
HCl to determine if the group is present.
In the following tests in v/hich a gas is evolved, the
small test tubes used are those mentione(^ in the section on
apparatus on page 9 » Their capacity is from 5 to 8 drops. |
(Engelder does not use this apparatus.)
Nitrites
:
Place a drop of solution in a small test
tube and add a drop of dilute H2S0^. Hold a strip of moistened!
potassium iodide starch paper above the mouth of the tube.
Heat the tube gently. If nitrites are present the paper be-
comes colored dark blue. The gas evolved v/ill appear brov/n.
Sulfides: Place a drop of solution in a small test
tube, add a drop of dilute H2S02|.. Hold a piece of moistened
lead acetate paper above the mouth of the tube. Warm the tube.
A blackening of the paper indicates the presence of sulfides.
(A test using alpha amino-dimethyl-aniline is omitted.)
Sulfites Place a drop of solution in a small test
tube, add a drop of strontium nitrate solution. (Engelder
used strontium acetate.) If a preceipitate forms, centrifuge
and pipette off the supernatant liquid. Wash the residue with I
water. On a spot plate mix a drop of KMnO^^ with 3 drops of
|
water and 3 drops of dilute H2SO2J,. (Engelder says to use di-
lute KMnO^j^ only.) Add a drop of this KMnO^^^ solution to the
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The test for carbonates caused consider-
able trouble. CO2 is evolved upon addition of dilute KCl and
the gas tested with saturated Ba(0K)2 solution. Engelder says
to hold a drop of the Ba(0H)2 in a loop of platinum wire. It
was, hov/ever, difficult to obtain a good test in this manner.
It was hard to get a drop to remain in the wire loop, and also
hard to hold it steady so as not to touch the tube. Other
methods were tried: a drop of Ba( 0H )2 was held on a glass rod;
black filter paper was saturated with Ba( 0H )2 and held above th<
tube; a capillary tube to conduct the gas into a drop of Ba(OH),
was devised. All these methods did not appear satisfactory.
As a matter of fact, the BaCOH)^ becomes milky when exposed to
air in the laboratory without being exposed to CO^ gas. Finally
a tube 1 mm. in diameter was made and cut in 6_or 7 cm. lengths,
One end of the tube was sealed. Then the sealed end v/as held
in the flame while the person blev/ into the other end. This
caused a small hole to be blown out on the side of the tube.
This tube was dipped into the saturated solution of Ba(0H)2
and then the outside of the tube wiped off. This tube was then
;
held above the tube from which the CO2 was being evolved in a |
manner such that the hole in the side of the tube containing
the Ba( 0H )2 was just above the mouth of the tube containing
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If sulfites have been shovm to be present add a drop of HgOg
( 3^) to a drop of the solution. Then add a drop of dilute HCl
and test the gas evolved with saturated Ba(0H)2 solution, held
in the tube desctibed above. This test worked well.
Cyanides and thiosulfates are also members of Group
I Included by Engelder, but here omitted.
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Group II- Phosphates, chromates, sulfates, horates, tartrates.
Test a drop of solution with a mixture of BaCl^ and
CaGl2 solution. A precipitate shows that Group II is present.
Phosphates: Cut a small strip of filter paper. On
a spot plate make a saturated solution of Na2B40Y. Also make
a sulfuric acid solution of (NH4 )MoO^. Dip the filter paper
first into the solution to he tested and then into the solu-
tion of sodium horate. Then treat the paper v/ith a solution
of SnCl
2 (20^) and finally a drop of the sulfuric acid solution
of (NH^)Mo02j_. Dry the filter paper over a flame. A blue color
is due to either phosphates or arsenates. Place the paper on
a spot plate and treat v/ith ether. If the color is due to
phosphates it will disappear v/ith the ether treatment. (Engel-
der also uses the test v/ith magnesia mixture. However I could
obtain no white precipitate with this reagent.)
Chromates: Place 2-5 drops of the solution to be
tested in a small centrifuge tube. Acidify with cone. HNO,
b
and add 5-5 drops of ether. Then a-dd 5 drops of 5^ H2O2 * A
blue color proves the presence of chromates. This blue color
should be in the ether layer, but seemed to be Just as not i-
ceable t^i^u^out the soluti on. (Engelder says the blue color
is in the ether layer. .He also says that a yellow colored
solution (origina.l) is a good indication of chromates. But
a solution of 1 mg. per cc. of the anion is not perceptibly
yellow.
)
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tube and add 2 drops of BaCl2 solution. Centrifuge and remove
the supernatant liquid. Add a drop of cone. HCl. If the white
precipitate (or part of it) is insoluble in cone. HCl this
indicates sulfates. Y/ash the residue tv/ice with hot water.
Add a drop of Hs(l'I0^)2 bo the residue and warm. A yellov* color
on the surface of the residue shows the presence of sulfates.
If the color is not apparent add 2-3 drops of water, stir and
again warm. A yellov/ color throughout the solution indicate s
sulfate s
.
(The underlined is not included by ‘^gelder.)
Borates: To a drop of solution add a drop of dilute
HCl. Moisten a strip of tumeric paper with this solution*
Dry the paper over a flame. Add a drop of 1% NaGH to the paper*
A reddish brown or pink color indicates borates. (Engelder
says a light blue or reddish brov/n color.) Engelder also in-
cludes another test for borates in which a drop of solution is
placed in a micro crucible, a drop of cone. H2S0^ added and
finally several drops of alcohol are added. This is ignited
and the flame shows the presence of borates if it is colored
green. There may have been a flash of green at the edge of
the flame when first ignited, but for the concentration of the
solution used, I did not consider the test a good one.
Tartrates: Y/ash out one of the tubes used for ga s
analysis in G-roup I with NaOH . Place a drop of the solution in
this tube. Add a drop of AgNO^ solution and a drop of HaOH.
Then add dilute tlH^j^OH (1 or 2 drops) until any precipitate
formed has disappeared. Warm gently. The formation of a silveil
rr
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mirror proves the presence of tartrates. If the mirror does




(Engelder also includes arsenites, arsenates, sili«?
cates, fluorides and oxs.la.tes in this group.)





To a drop of solution add a drop of dilute a.nd
a drop of AgKO^. A precipitate indicates Group III*
Ferricyanide s
:
Place a drop of solution on a spot
plate, acidify with dilute HCl, add a drop of freshly prepared
FeSOii. solution. A "blue precipitate, Turn'ball's “blue, indicates
the presence of ferricyanides.
Ferrocyanides Place a drop of solution on a spot
plate, acidify vrith dilute HCl, add a drop of FeCl^ solution*
A deep 'blue precipitate, Prussian blue, indicates the presence
of ferrocys.nides
.
Iodides; Place a drop of solution in a centrifuge
tube, acidify with a drop of dilute HCl and add 3 drops of
chloroform* Then add a solution of sodium hypochlorite drop
by drop. If the chloroform layer becomes violet iodides are
present. This test is very sensitive.
Bromides: Place a drop of solution in a centrifuge
tube, 8.cidify v/ith a drop of dilute HCl and add 3 drops of
chloroform. Then add a solution of sodium hypochlorite drop
by drop. A brovm color in the chloroform layer indicates
bromides*
If iodides are present, I2 will be extracted first*
Engelder says to a.dd l\aOCl solution until the solution becomes
colorless, and then add dilute H2SO4 to obtain the brown color
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factory test v/as found for testing for bromides in the presence
of iodides.
Chlorides; If l“ and Br” are kno’.7n to be absent, add
a drop of AgNO^ solution to a drop of the unkno^m on a glass
slide. Acidify v/ith dilute KNO^. A white precipitate which
dissolves in cone. shows the presence of chlorides.
In the presence of I” and Br* acidify 2 drops of
solution with acetic acid. Add a little Pb02 and boil to re-
move I 2 and Br2 « Cool and centrifuge. Test a drop of the clear
supernatant liquid, on a glass slide, by acidifying with a drop
of AgNO^. A white precipitate indicates chlorides. I f the
pr^ecipj-tate should be yell ov/-white, this indicates that either
or Br2 have not been completely removed. In which case ,
boil again and repeat the test.
Engelder does not mention the fact that cyanogen ions
should be removed before the tests for the halides. The method
for separation used in the macro scheme is not applicable to
micro methods, except with difficulty; and I have not worked
out a plan for separation.
Engelder includes the cyanates in this group.
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Group IV- Nitrates, acetates.
Nitrates: To remove interfering substs^nces, to
3 drops of solution in a centrifuge tube, 2-3 drops of saturated
Ag^SO^ solution. Test for complete precipitation. Centrifuge.
Place a drop of the supernatant liquid on a spot plate. In this
drop place a small crystal of FeS0ij..7H2O . Finally add a drop
of cone. H2S0i{.. A bro\’7n ring around the crystal indicates
nitrates. This test can also be carried out in one of the small
test tubes lised in Group I. A drop of saturated FeSOj^^ solution
is first placed in the tube, then a drop of the solution to be
tested, and finally a drop of cone. H2SO4 is allowed to run
donn the side of the tube. A brovm ring above the FeSO;^ layer
is an indication of nitrates.
Acetates: Place a drop of ujiknovai solution in a
crucible, add 2 drops of ethyl alcohol and 3 drops of cone.
gently. A fruity odor indicates acetates. This
v;as not a good test, as the odor is barely perceptible.
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After having v/orked over the scheme of microanalysis
outlined by Engelder, I am convinced that the method is a
practical one, which can he used successfully in qualitative
analysis courses for the general student. Complex unknovms
have been correctly analyzed by these micro methods. It must
be admitted that the analysis for anions is not quite as good
as that for cations, but I think this is true of any scheme in
qualitative analysis.
Microanalysis is more than a practical course; I
think it has several advantages over the macroanalysis generallj
used. The micro method makes possible an economy in material,
space and time. A class in qualitative analysis using micro
methods will use considerably less materials than if they em-
ployed macro methods. The small amounts of substances used,
will in turn require smaller stock room space. Not only this
but the individual students will need but very little space
in which to keep their apparatus. The only general apparatus
used by the whole class v/ill be the centrifuge and a hydrogen
sulfide generator. A large class will require several centri-
fuges. There is economy in materials, space and finally in
time. Microanalysis is a shorter method because all the long
filtrations have been replaced by the short method of centri-
fuging. The time necessary for heating and evaporating are
also shortened. Some of the time saved in the analysis will
be required for making apparatus. In the macro method, the
to aosiiiiy- ad« t:©vo Jtoif^iOTT ^ivr>rf leJ-tA
£ Ql bod^Qsi oci& ctj&dJ- Jbeojtlvnoo aia I ,^eMo3na i^cf I»jtrJ!j:iLo
4' ' . '








jautu ytl . 4JE>0i..J‘-^ai o'lola: oaoji^ '^''J‘..o'Mco noocf
boo^ e£ ©JJ!i;p J-on ai anol/ts 'xot
. oiiJ- ta/fj jJ
aX eijiciioa i^xjx to eu'xJ at aJUiJ daliid' I ii/c' 'xc'x 34
*ataxl£,m avXJ'.;i:ij3 up^^'
I ;oQ*it/oo laoiJ-Oi- iq* rLEUiJ’ O'lO/n ai e tu^X-njao'XcX-.:
-vj
IXaTCo/ie^ nla'^Xs^,i£0'ioiiJi adJ' levo Xr-^-vixo hyiaroa azd si :lnldS
^XaX'iOuBai nX i^pionooe ruj oldXsaoq QOJtein ijorito/n crtoX^a ©jrfT .jj©ajj‘
OToiai ^XciU aXc^Ix-nii avt J?£XXXiJi;p nX ea^.io A .ar^XX i.-ns oojtqa;
-so .;4BilX IX asr:.^ aXl^X'ieX^ asoX '^Xcf^^'isbXaooo eoi/ XXX?/ 2 l)OcLSom
,X>eau EOOfiJjJr.cUiii to aXi-iuoai^ Xtana urfT . .b'jxlXein C'Jor.'ii X^^^oX^
3Xii;f ^:o XoK .do.;.;fi aoor XoouD 'ioUjero o'lXupe* ^ muX rxX XIX ?/





X*:toite3 \Xrro j.Ii' . 3." t “•'rrqq^ ^X0^^X qoo:I oX do'.Ir: rr:^
HG-^o'ibxxi I' bttB eaulX'^Xrfso odX ao fir. »?a>ro aXod^v odx b&^r
' \ *
-I'lSaoo IjETtevea ?'jXi?poi XlXr ea£lo 03^ 'X ^ .^cXfiTonog ©blTIi/a
nX 'iXX.snXt bne oosqt:
,
3 liiX:s©J’c;a aX v^JOi 003 aX anten’T .593i!rl
3noX XIb auuiioocf boxlXea 'ic tiono jb trX oXaxiXinao'ioXiu .ocXX
-XiXneo to borlXom X'xona ©riX ^(S bao^IqoT rraod ovp^cl anoXXjB'id’iXt
^*ip. anXXa^oqfiva Xrii: ^niJ-iiaf: 'xol yc^ecsbsn ^cXX oriT .sniflut
Ills r.ls^lsitB eiis fiX i>©v*ja eniXi orij to aisoo .XanaJ^iorfe oaXa
«
‘
oi^X ti)OifXon o*iOjufls D.'IX xiX . Qi/iJ’ii'ifiqqA ^nX^Tac! lot Xo'TXupdi ocf
student has no apparatus to make, but v/hen using micro apparatus
it is generally necessary for the individual student to make
much of his own apparatus. Even deducting the time needed for
making apparatus, however, there is a saving of time.
I consider it an advantage for the student to have
to make his own apparatus. The process is very simple, but
gives the student practice and skill in manipulating glass for
making this apparatus. Micro methods, in general, are parti-
cularly valueable to the student in developing in him a more
careful, neat and exact technique than are obtained when using
macro methods.
Microanalysis is therefore to be recommended as a
practical method which makes possible a saving in materials,
space and time, and is very beneficial to the student because
it teaches him a technique which demands care, neatness and
exactness.
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-1 gm. in 100 c.c. 95^ alcohol.
(for Nickel) '
Diphenyl Carhazide—saturated alcohol solution, (for Mercury)
J.A.C.S. 51, 3351.
!
Para-nitrohenzene-azoresorclnol— 9N^0^—0.001 gm. of reagen®
in 100 c.c. 2 N NaOH. (for Magnesium)
Alpha-nltroso-‘beta-naphthol—C-j_QH30H(N0)—saturated solution in
50^ acetic acid, (for Cobalt)
Ammonium thiocyanate-mercuric thiocyanate—2 NH4CNS.Hg(CNS)2
—
dissolve 60 gm. of iigCl2 and 66 gm. of rjH^CNS in
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The stock solutions were made up to contain 10 milligrams
of metallic ion per cubic centimeter. The test solutions were
made up using 1 c.c. of each solution and making it up to a
final volume of 10 c.c. so that this test solution contained
1
1 mg. per c.c
tration used
. of each cation. This
in macro work.
CATIONS









'i Lead Pb(N03)2 1.6
j
Mercury (ous) Hg2 (N03 ) 2 . 2H 0 1.4 (Dissolve in 6 N HNO3 ) i
Mercury (ic) HgCl2 1.4 i







Arsenic AS 2O3 1.5
Antimony SbCl3 1.9 (Dissolve in 6 N HCl)





Manganese Mh(N03 ) 2 . 6H20 5.3
Nickel Ni(N03 ) 2 . 6H20 5.0
Cobalt Co(N03 ) 2 . 6H20 5.0
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